Plants and plant products are continuously being explored in medicine against the increasing number of antibiotic resistant organisms. The antimicrobial activity of essential oil of some plants has been demonstrated against a range of organism. This study aimed to determine the chemical constituents and the antimicrobial effects of the oil of grape peels on some clinical isolates. The oil was obtained from the peels by hydrodistillation procedure and analyzed using Gas chromatography coupled to mass spectrometer. The in-vitro antimicrobial property of the methanolic, ethanolic and tween 80 mixture of extract was determined by agar well diffusion method against selected clinical bacterial isolates
Introduction
The increasing problems of antibiotic drug resistance by pathogenic organisms in the past few decades and recently have led to the continuous exploration of natural plant products for new antibiotic agents [1] [2] [3] [4] . Many of these products are produced in plants as secondary metabolites and often used in plants for defense against microbial attack [4] . Essential oils are a class of such volatile compounds produced with inherent antimicrobial properties [4, 5] . Essential oils (EOs) obtained from plants are a complex mixture of some compounds such as hydrocarbons, alcohols, esters, aldehydes and have been reported to exhibit inhibitory activities against a wide spectrum food spoilage microorganism [5] .
Citrus is one of the most consumed fruits in the world and contain a high amount of useful by-products which include essential oil [6] . It is mostly consumed fresh or used as raw materials for juice and wine [6] . The second largest world produced citrus fruit is grape; with an average of more than 60 million annual production. Grapefruit (Citrus paradisi) belongs to the Citrus genus, a taxa of flowering plants in the family Rutaceae [5] . Grape is one of the citrus fruits cultivated and consumed in Nigeria [7] . The yield of grapefruit and oranges juice is about half of the fruit weight thereby generating a very high amount of waste annually [8, 9] . Of the 36 metric tonnes of citrus waste produced annually, Florida generates 1.2 million which is sold as feed stock for cattle [10] . Nigeria generates about 0.3 million tonnes with potential to generate more annually [10] . This is one of the major agrowaste constituting a health and environmental menace in many streets and market places in Nigeria.
There are several reports on the essential oil composition of citrus peels, some of which includes; D-limonene, β-Myrcene, α-pinene, β-pinene, γ-terpinene, α-terpinolene, α-Caryophyllene, copaene, β-phellandrene etc. [5, [11] [12] [13] [14] . Citrus fruits peels are also known to contain some antioxidants; flavonoids such as hesperidine, narirutin, naringin and eriocitrin, and also polyphenols such as caffeic acid, p-coumaric acid, ferulic acid and sinapinic acid [8, [15] [16] [17] . The antimicrobial roles of flavonoids are well documented [18] .
Essential oils and plant products have had a tremendous application in food, cosmetic and folk medicine and are continuously investigated for their antimicrobial activities [6, [19] [20] [21] [22] [23] [24] [25] [26] .
Antimicrobial effect of essential oils from Citrus paradisi peels from Turkey has been reported [5] . The essential oils composition of peels of Citrus reticulata L., C. paradisi, and Citrus Medica from Nigeria has been examined [27, 28] . However, we have not found any information on the effects of essential oils of Citrus parasidi peels of Nigerian origin on a range of disease causing organisms. This study aimed to extract, characterize and determine the antimicrobial effects of Nigerian grape peels essential oil on selected clinical isolates.
Materials and Methods

Plant Collection and Identification
Matured grape fruits (Citrus paradisi) were bought from Onilegogoro market, Mushin, Lagos, Western-Nigeria.
The herbarium specimen of the plant was identified and authenticated by Mr. Tola Oyebanji in the Department of Botany, Faculty of Science, University of Lagos, Nigeria. The specimen were assigned voucher number LUH 5248 and deposited at the herbarium of the Department of Botany, Faculty of Science, University of Lagos.
Essential Oil Extraction from Grape Peels
The rind of the fresh citrus fruits was removed and 300 g was weighed and added into a warring blended cup containing 1 L of water. This was pulverized to puree in Marlex Exceller grinder (Mumbai, India). The rind puree was subjected to hydrodistillation in a 2 litres round bottom flask fitted to a Clevenger-type apparatus. The distillate obtained was dried over anhydrous sodium sulphate and stored in air tight amber-coloured bottle at 4˚C until it was needed for analysis.
The analysis of volatile essential oil components of grape peel was carried out on Agilent 7890 gas chromatograph (Agilent Technologies, Palo Alto, CA) coupled to an Agilent 5975C mass selective detector operating in electron impact mode (ionization voltage, 70 eV). A Chrompack CP-Wax 52 CB capillary column (30 m length × 0.32 mm internal diameter, film thickness 0.25 μm) was used for the separation of the sample components. A 1.0 μL of the diluted oil sample was injected, using splitless mode the injector temperature was set at 250˚C and helium was used as the carrier gas at a flow rate of 5 ml/min and inlet pressure 12.936 p.s.i. The column oven temperature was gradually increased from 50˚C to 240˚C at a rate of 8˚C/min, with a final hold time of 5 min. The constituents of the oil were identified by using standard reference compounds and also by matching the mass spectra fragmentation pattern with National Institute of Standards and Technology (NIST) Mass Spectra Library stored in the GC-MS database.
Bacterial and Fungal Cultures Collection
The organisms used in this study were obtained from 
Antibacterial Screening of Extract
The antimicrobial activity of citrus extract was determined by agar well diffusion method [29] . Each bacterial isolate preserved in 15% glycerol broth was subcultured on freshly prepared MacConkey agar (Oxoid Ltd., Basingstoke, Hampshire, UK) plate and incubated at 37˚C for 24 hours. A bacterial colony was obtained with a sterile wire loop and emulsified in 5 ml Mueller Hinton broth (Oxoid Ltd., Basingstoke, Hampshire, UK). The turbidity of the resulting mixtures was adjusted with sterile saline solution to 0.5 Mcfarland standard (1.5 × 10 8 cells·mL −1 ). Fresh Mueller Hinton agar plates were labeled and seeded with the test bacterial suspension using a sterile swab steak. These plates were allowed to stand for 15 minutes and agar punched out with sterile 3 cork borer to create wells of 5 mm diameter. The essential oils were diluted to 8 µg/ml, 40 µg/ml and 80 µg/ml with methanol, ethanol or Tween 80 (0.5% v/v). 100 µl dilute essential oils of the different concentrations were dispensed into each agar well in a plate; plates were allowed to stand for 1hour and then incubated at 37˚C for 24 hours. A suspension of 0.5% w/v ciprofloxacin (Fidson Healthcare Ltd., Nigeria) was used as positive control while the solvent only was used as negative control. This experiment was performed in triplicate plates for each isolate per dissolution solvent. The diameter (mm) of zone of inhibition was recorded for the different concentrations of oil samples.
Antifungal Screening of Extract
The fungal isolates were subcultured on Potato Dextrose Agar at 28˚C for 3 -5 days. Equally spaced wells were bored radially on sterile Potato Dextrose Agar plates using a 5 mm diameter sterile cork borer. 100 µl dilute essential oils were added to the wells as described above. A 5 mm diameter fungal mycelial disc was placed at the center of the plate. 0.05% w/v Nystatin suspension (Mutual Pharmaceutical Company, Inc., Philadelphia, PA, USA) was used as positive control and the different dissolution solvent systems were used as negative control. Triplicate plates were used in each treatment. Plates were incubated at 28˚C for 3 days. The zone of inhibition was recorded to the nearest mm.
Statistics
Data obtained in this study were expressed as means ± standard error (SE) for triplicate results. Mean difference in zones of inhibition between treatments and positive or negative control was examined using the One Way Analysis of Variance (ANOVA) and post hoc Tukey test. The effect of essential oil and its concentration on microbial growth inhibition among organisms was analyzed using a two factor ANOVA and significant interaction was subjected to Bonferroni post-test. The analyses were done at critical p value of 0.05 using the GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego California USA).
Results
Essential Oil Components
The oil extracts obtained had a characteristic light yellow colour. The percentage yield and specific gravity was 0.79% and 0.883 respectively. The oil was soluble in ethanol, methanol and tween 80 solution. In this oil, 19 components were identified, this amount to 95.26% of the total volatile oil composition and represent six different groups of hydrocarbon namely; monoterpenes, oxygenated monoterpenes, aliphatic aldehydes, aliphatic hydrocarbons, sesquiterpenes and acid esters. The monoterpene hydrocarbons constituted the most dominant chemical group (86.02%) and among which limonene is most predominant followed by β-myrcene, α-pinene, β-phellandrene, 3-carene and nonane (Figure 1 ; Table 1 ). The oxygenated monoterpenes (0.79%) were cis-linaloloxide and linalool. The aliphatic aldehydes (2.79%) include octanal and decanal. Tridecane and tetradecane were the aliphatic hydrocarbons and account for 0.73% of the oil composition. The sesquiterpenes (3.89%) which includes copaene, caryophyllene, α-caryophyllene and δ-cadinene was the second largest of the groups. The acid esters (1.04%) found were methyl palmitate, methyl oleate and phthalate (Figure 1; Table 1 ). 
Antibacterial Activities of the Oil Extract
Solvent Mix peel essential oil in methanol significantly affected the overall inhibition among the bacterial strains (F 9,18 = 44.70, P < 0001), and this inhibition was significantly (F 2,18 = 18.27, P < 0.0001) affected by the concentration of the oil used ( Table 2 ).
The effect of the methonilic-oil and its concentration on the overall growth inhibition among bacterial strains were analysed by two factor ANOVA and Bonferroni post-test. Results indicate that dilute Citrus paradisi fruit The oil at all concentrations significantly inhibited the growth of all the bacterial strains (P < 0.05) compared to the negative control ( Table 2) . The inhibition was highest with B. cereus and S. aureus ATCC 21293, and least with E. faecalis.
Inhibition of each isolate was highest with positive control antibiotics (Ciprofloxacin) except in S. aureus ATCC 21293 and B. cereus which were higher than Ciproflaxin treatment.
Similarly, ethanolic oil extract significantly reduced the growth among isolates (F 7,14 = 12.87, P < 0.0001) and the inhibition was significantly affected by the oil concentration (F 2,14 = 13.97, P = 0.0005). The oil in ethanol significantly inhibited the growth of all the test bacteria except E. coli when compared to negative control (P < 0.05) ( Table 3) . B. cereus was most sensitive while E. coli ATCC 25292 was not sensitive to the extract. Ciprofloxacin treatments resulted in significantly higher growth inhibition compared to the all test concentrations of extract in each isolate.
Only a few organisms which included S. aureus ATCC 29213, E. coli, E. coli ATCC 25292, Salmonella typhi, and Shigella flexneri were sensitive to tween 80 oil extracts ( Table 4 ). The inhibition of E. coli was significantly more than other organisms (P < 0.05). 
Antifungal Activities of the Oil Extract Solvent Mix
A two ANOVA indicate that the methanolic oil extract showed significant effect on the overall fungal growth inhibition (F 2,4 = 200.76, P < 0.0001), however, the concentration of the oil used showed no significant overall effect on inhibition among fungi (F 2,4 = 3.56, P = 0.1293). The oil significantly inhibited the isolates compared to negative control (P < 0.05) although, the inhibition was significantly lower to Nystatin treated fungi except P. chrysogenum (P < 0.05) ( Table 5 ). 
Discussion
The major components of the essential oil of grape peel in this study include D-limonene, β-myrcene, α-pinene, α-caryophyllene, octanal, β-phellandrene and decanal. The minor components each were less than 1% of the oil composition and they include δ-cadinene, copaene, phthalate, linalool, tetradecane, cis-linaloloxide, methyl palmitate, α-Caryophyllene, tridecane, 3-carene, methyl oleate and nonane. These components as well as D-limonene being the predominant have been previously reported in other studies on grape and other citrus peel oils [5, 11, 13] . The monoterpenes followed by the sesquiterpenes were the major group of compounds in the oil and thus corroborate previous findings on components of citrus peel essential oils [5, 11, 13, [30] [31] . The percentage oil yield was higher than some previous reports on grape peel oil [5, 32] . The was variation in the oil yield and the amount of the essential oil components obtained in this study compared to other literatures [5, 11, 13] and this may be due to factors such as the vegetative age, origin, specie of the fruit used as well as the extraction procedure employed [5, [11] [12] 33] . The oil extract of grape peels inhibited all the test bacterial and fungal strains. Some of these bacterial strains have also been previously studied and found to be sensitive to grape oil. For example Dabbah et al. [34] showed that the oil of grape peels and other citrus fruits peel as well as their derivatives inhibited Escherichia coli, Salmonella sp., Staphylococcus aureus and Pseudomonas sp. Unal et al. [38] also demonstrated the antifungal and inhibitory effect of D-limonene on a variety of yeast strains. The inhibitory activity of the essential oil may be a cumulative effect of D-limonene and some other unidentified components or flavonoids and phenolic compound present. For instance, flavonoids are known as antimicrobial agents [18] and some phenolic compounds have be shown to inhibit the growth of Staphylococcus aureus [39] .
The oil extract was also able to inhibit the fungi tested depending on the dissolution solvent.
The inhibition was dependent on the type of dissolution solvent used. Inhibition was most favoured when oil was dissolved in methanol, followed by ethanol and least in tween 80 solution. The essential oil in methanol showed the highest inhibition against B. cereus compared to other isolate. Also, the inhibition of either B. cereus or S. aureus was significantly higher to the positive control antibiotics (ciprofloxacin). Uysal et al. [5] also reported that S. aureus was the most sensitive bacterial strain to oil of grape peels when compared to E. faecalis, Staphylococcus epidermidis, E. coli, Pseudomonas aeruginosa, S. typhimurium, Serratia marcescens and Proteus vulgaris. The inhibition of S. aureus and E. coli by grape oil was higher than the positive control antibiotics [5] .
Only the strains of E. coli, E. coli 25292 and Staph aureus ATCC 29213 were inhibited by Tween 80 oil extract. There was no fungal inhibition recorded in the tween 80 oil extract. Studies have shown that Tween 80 was able to either inhibit or enhance the growth of microorganisms and these depend on the concentration of the tween solution. Boxtel et al. [40] reported that the growth of Mycobecterium paratuberculosis was enhanced at concentrations 0.1% -1.0% (w/v) Tween 80 and suppressed at concentrations 0.01% -0.1% (w/v) Tween 80. Moreso, the concentration of Tween 80 solution used in this study was 0.5% and could be responsible for growth enhancement of the test organisms or antagonistic effect of the oil extracts. Li et al. [41] also showed that Tween 80 solution could reverse the inhibitory effects of bile salt and its derivatives on the growth of Lactobacillus acidophilus and the production of Cis-9, trans-11 conjugated linoleic acid (c9, t11 CLA) by this organism.
Conclusion
This study has shown that the oil extract of grape peels from Nigeria contains some useful potential antibiotic principles that are inhibitory to a broad spectrum of clinical isolates. Thus, it may be considered as a natural source of antimicrobials for therapeutic purposes.
